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ABSTRACT

Energetic particle measurements continue to be expanded on the GPS
constellation with the commissioning of two new instruments on recent GPS
launches NS41 and NS54. These new instruments (BDD-IIR, CXD) now
measure energetic electrons from = 100 keV to several MeV, extending GPS
capabilities beyond in situ monitoring of radiation dose received by satellite
components, to now include sensitivity to a portion of the population
responsible for spacecraft charging. Indeed, the lower energy channels respond
to a range of energies commonly associated with substorm injections (= 20 to =
300 keV). We report here on the first measurements of energetic electron
injection signatures (> 100 keV) with these instruments, many of which occur
outside the trapping boundary for these energies. We investigate the
relationship of these high latitude injections to other injection observations on
the LANL geosynchronous satellites, POLAR and CLUSTER, and to other

traditional indicators of substorm activity.



INTRODUCTION
* 396 NS54 CXD injections identified for March through October, 2001

—> Both dispersive and nondispersive injections included

- Classified by size |

- Local time and static(T89 model) L-value (L ~ 4 — 16) determined

—> Likelihood of detection vs injection location evaluated and tabulated

- Correlation between larger injections and geosynchronous injections
evaluated and graded by quality

—> Location of larger injections plotted and identified by correlation
quality

 Some examples of injection measurements on POLAR, CLUSTER, AND
BDD-IIR on NS41 are also presented
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Comparison of NS54 Orbit parameters and LEP electron counts
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The GPS orbit has a period of 12 hours, so that it passes through the heart of
the radiation belt four times per day. The model L-value of the satellite

location is set to an upper bound wherever the model field line (Tsyganenko

1989) that passes through the satellite reaches farther than 18 R from the
Earth.



| ("101eNbo

OT)oUSEUI ) SISSOIO JT USYM ST I[[A)BS ) UBY) YUBH Oy} WOIJ JOYLNJ SI ‘[ouueyd A310ud UoAIS
© 10J “1[9q UONeIpel 9y} JO WNWIXLW 3y} JOAUYM PIAIISqO ST [ijoad 3joq uonerper paduny
-9[qnop dY]) ‘PAAIdsqo st Aep 1ad uonosfur suo jnoqe ‘oferoae oy uQ suonodafur om) Surmoys
‘aXD jJo Josuas (Jg7) sponted A31ous mo[ Jf) UO UOII[[0D BIEP S ABp JUO Jo djdwexs uy

1002 Jo AeQ [ewroag
9/9 ¥ LS

punoib |
| -yoeq |
oIWLS0N \
/ H oot
09S/SJUN0‘GT
10 28s/sunood‘yy ———

1l oes/sunoo'eg ——
09S/S)UN02'gy ——

( ( 1§ oss/siunoo g ——

! _ ! : 00014
S8)elJ JUN0D UoIO8[e 437 YSSN

FT T T T T

mcozomw_c_

1 1




Example of good correlation of NS54 injection with geosynchronous injection
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An example of good time correlation between an injection detected at NS54
and a confirmed substorm injection on three geosynchronous satellites. The
energy-dispersed signals on the two geosynchronous satellites located away
from local midnight confirm the substorm injection near local midnight. Note
the near simultaneity of the injections on NS54 and 1994-084, even though
NS54 is located on a high L field line.




Example of no correlatlon between NS54 injection and geosynchronouz)s activity
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An example of no observed correlation between an injection detected at
NS54 and activity at three geosynchronous satellites. It is possible that this
injection did not propagate all the way to geosynchronous altitude, since 1t

was detected on NS54 at

L>14. o R
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NS54 location points at each sample time
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NS54 location at the time of each 4 minute sample for the 254 days of the
March — October, 2001, period. The radial distance from the center of the
Earth corresponds to the L value of the field line that passes through the

satellite at the sample time. The geosynchronous orbit is indicated in blue.




NS54 Injection Locations
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Injections are detected out to the largest L-values of the satellite location and
correlate to some degree with the likelihood for NS54 to be at that location

(see previous figure).

Relative to the “smaller” injections the “larger” injections show some
preference for occurrence at large L in the pre-midnight quadrant, and at
small L in the post-midnight quadrant.
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Correlation of larger NS54 injections with substorm injections
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NS54 location at the time of detection of each of the 70 "larger" injections
for the 254-day period of March — October, 2001. The quality of the
correlation of each injection with a geosynchronous substorm injection

is indicated using three symbol types. The geosynchronous orbit

is indicated in blue.

No clear differences are seen in the locations of these injections, as a
function of the grade of the correlation.

Note that there are a significant number of these large injections detected
near the geosynchronous L-value (= 6.7) that show no correlation with
geosynchronous injections. (Some possible explanations are discussed
below.)




Results Summary

» NS54 electron injections (all sizes) are about twice as likely to be
observed in the midnight and dawn quadrants as in the noon and dusk
quadrants (> three times as likely for the “larger” injections)

e About equal fractions of the 70 larger injections show “Jgood”, “fair”,
and “no” temporal correlation quality with identified geosynchronous
substorm injections

* There is no obvious sorting of correlation quality by injection
location, either in L or local time

e It is surprising that large injections with “no correlation” to
geosynchronous injections are sometimes seen for NS54atL =6 -7,
since L = 6.7 corresponds to geosynchronous orbit

e Possible reasons for this are:

—> The magnetic field line model calculations were done for kp=2,
whereas the “fair” and “no” correlation injections occurred at a mean kp
of 4 and the “good” correlation injections occurred at a mean kp of 3

- Thus, the magnetic field mapping from the satellite to
geosynchronous is more accurate for the cases where “good” correlation
is observed

- Furthermore, at higher kp there is a higher level of fluctuations
in the geosynchronous particle fluxes, which can mask the identification
of actual substorm injections
e Observations of such injections from multiple points (GPS,
geosynchronous, POLAR, and CLUSTER) show the global nature of the
“injection region”, which may have implication for several substorm
models



